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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

(57)[Claim(s)] 
[Claim 1] 

It is a manufacturing method of a rare earth permanent magnet which heat-treats a magnet 
element assembly containing a rare earth element, and forms a protective layer on the surface 
of the magnet element assembly concerned, 

In an oxidizing atmosphere containing a oxidizing gas so that said protective layer may have 
the first layer that covers said magnet element assembly and contains a rare earth element, 
and the second layer that covers said first layer and does not contain a rare earth element 
substantially , A protective layer formation process which adjusts a oxidizing gas partial 
pressure, treatment temperature, and at least one condition in processing time, heat-treats 
said magnet element assembly, and forms a protective layer, 

A resin layer formation process which makes resin deposit and forms a resin layer on the 

surface of said protective layer after said protective layer formation process, 

A manufacturing method of a rare earth permanent magnet characterized by preparation ******. 

[Claim 2] 

A manufacturing method of the rare earth permanent magnet according to claim 1 forming by 
applying and drying coating liquid for resin layer formation which contains resin for said resin 
layer. 

[Claim 3] 

A magnet element assembly containing a rare earth element, 

A protective layer which has the second layer that covers the first layer that is formed on the 
surface of the magnet element assembly concerned, contains oxygen and an element of 
magnet element assembly origin, covers said magnet element assembly and contains a rare 
earth element, and the first layer concerned, and does not contain a rare earth element 
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substantially, 

A resin layer which is formed on the surface of the protective layer concerned and contains 
resin, 

A rare earth permanent magnet characterized by preparation ******. 
[Claim 4] 

The rare earth permanent magnet according to claim 3 , wherein said second layer contains a 
transition element and oxygen. 
[Claim 5] 

Said magnet element assembly contains transition elements other than a rare earth element 
and a rare earth element, 

Said first layer contains said rare earth element, said transition element, and oxygen, 
The rare earth permanent magnet according to claim 3 or 4 , wherein said second layer 
contains said transition element and oxygen. 
[Claim 6] 

Said magnet element assembly contains transition elements other than a rare earth element 
and a rare earth element, 

Said first layer uses said rare earth element, said transition element, and oxygen as the main 
ingredients, 

The rare earth permanent magnet according to any one of claims 3 to 5 , wherein said second 
layer uses said transition element and oxygen as the main ingredients. 
[Claim 7] 

The rare earth permanent magnet according to claim 5 or 6 , wherein said rare earth element in 
said first layer, said transition element in said first layer, and at least one element in said 
transition element in said second layer are elements which constitute a main phase of said 
magnet element assembly. 
[Claim 8] 

The rare earth permanent magnet according to any one of claims 5 to 7 , wherein said rare 
earth element in said first layer, said transition element in said first layer, and said transition 
element in said second layer are elements which constitute a main phase of said magnet 
element assembly. 
[Claim 9] 

The rare earth permanent magnet according to any one of claims 3 to 8 , wherein said rare 
earth element is neodymium. 
[Claim 10] 

The rare earth permanent magnet according to any one of claims 3 to 9 . wherein said resin is 
thermosetting resin. 
[Claim 11] 
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The rare earth permanent magnet according to any one of claims 3 to 10 , wherein said resin is 
at least a kind of resin chosen from a group which consists of phenol resin, melamine resin, 
polyamide imide resin, polyparaxylylene resin, polyurea resin, and epoxy silicone resin. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to the rare earth permanent magnet by which the protective 
layer was formed on the surface about a rare earth permanent magnet and a manufacturing 
method for the same. 
[Background of the Invention] 
[0002] 

It is what is called a rare earth permanent magnet (R-Fe-B system magnet; R shows rare earth 
elements, such as neodymium (Nd).) as a permanent magnet in which the high energy product 
of 25 or more MGOe is shown in recent years, the following - the same . It is developed. As 
such a rare earth permanent magnet, that in which what is formed by sintering is formed by 
high-speed quenching with the patent documents 2 again is indicated with the patent 
documents 1 , for example. 
[0003] 

Although it shows a high energy product, since this rare earth permanent magnet contains the 
rare earth element and iron which oxidize comparatively easily as the main ingredients, its 
corrosion resistance is comparatively low. 
[0004] 

Forming a protective layer for the purpose of improving the corrosion resistance of such a rare 

earth permanent magnet is proposed. Also in this, forming a protective layer is proposed with 

the patent documents 3 by heating a rare earth permanent magnet at 200-500 ** under an 

oxidizing atmosphere. 

[Patent documents 1] JP.59-46008.A 

[Patent documents 2] JP.60-9852.A 
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[Patent documents 3] JP,5-226129,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

However, in the above-mentioned patent documents 3, although forming a protective layer at a 
specific temperature under an oxidizing atmosphere is proposed, by this literature, it is not 
specifically indicated how the conditions at the time of forming a protective layer are adjusted. 
Therefore, when a rare earth permanent magnet was heat-treated under an oxidizing 
atmosphere, in order to prevent the corrosion of a rare earth permanent magnet, the 
satisfactory protective layer could not be formed, but there was a problem that a powdery 
oxide film and weight loss arose in a corrosion resistance test. 
[0006] 

Then, this invention is made in light of the above-mentioned circumstances, and is a thing. 
It is providing a rare earth permanent magnet which has the purpose, and a manufacturing 
method for the same. 

[Means for Solving the Problem] 
[0007] 

It is making into an index composition of an oxide film formed on the surface of a rare earth 
permanent magnet, when heat-treating a rare earth permanent magnet and forming a 
protective layer under an oxidizing atmosphere, as a result of inquiring wholeheartedly, in 
order that this invention persons' may get a rare earth permanent magnet which has sufficient 
corrosion resistance, Excessive corrosion of a rare earth permanent magnet can be controlled, 
and it finds out that an aforementioned problem is solved, finds out that corrosion resistance 
improves more by providing a resin layer on the above-mentioned protective layer further, and 
came to complete this invention. 
[0008] 

Namely, this invention heat-treats a magnet element assembly containing a rare earth 
element, So that a protective layer may have the first layer that is a manufacturing method of a 
rare earth permanent magnet which forms a protective layer on the surface of the magnet 
element assembly concerned, covers a magnet element assembly and contains a rare earth 
element, and the second layer that covers the first layer and does not contain a rare earth 
element substantially , In an oxidizing atmosphere containing a oxidizing gas, a oxidizing gas 
partial pressure, treatment temperature, and at least one condition in processing time are 
adjusted, It is in providing a manufacturing method of a rare earth permanent magnet provided 
with a protective layer formation process which heat-treats a magnet element assembly and 
forms a protective layer, and a resin layer formation process which makes resin deposit and 
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forms a resin layer on the surface of a protective layer after a protective layer formation 
process. 

[0009] 

In a manufacturing method of a rare earth permanent magnet of above-mentioned this 
invention, it is preferred to apply and dry coating liquid for resin layer formation which contains 
resin for a resin layer. 
[0010] 

A manufacturing method of a rare earth permanent magnet of above-mentioned this invention, 
It is a manufacturing method of a rare earth permanent magnet which heat-treats a magnet 
element assembly containing a rare earth element, and forms a protective layer on the surface 
of the magnet element assembly concerned, In an oxidizing atmosphere containing a oxidizing 
gas so that a protective layer may have the second layer that covers the first layer and first 
layer that cover a magnet element assembly and contain a rare earth element, and does not 
contain a rare earth element substantially, A oxidizing gas partial pressure, treatment 
temperature, and at least one condition in processing time are adjusted, It is good also 
considering having a resin layer formation process which applies coating liquid for resin layer 
formation containing resin, dries, and forms a resin layer on the surface of a protective layer 
after a protective layer formation process which heat-treats a magnet element assembly and 
forms a protective layer, and a protective layer formation process as a feature. 
[0011] 

By adjusting a oxidizing gas partial pressure at the time of according to this invention, making 
into an index composition of an oxide film formed on the surface of a rare earth permanent 
magnet, and heat-treating a magnet element assembly under an oxidizing atmosphere, 
treatment temperature, and at least one condition in processing time. Generating of excessive 
corrosion can be controlled in an oxidizing atmosphere which a rare earth permanent magnet 
tends to corrode, and a protective layer which is excellent in corrosion resistance can be 
formed, and a rare earth permanent magnet which has corrosion resistance sufficient by 
providing a resin layer further can be obtained. 
[0012] 

A rare earth permanent magnet obtained by a manufacturing method of this invention has 
minor generating of rust in a neutral salt spray test, and degradation of magnetic properties 
accompanying the examination is also fully controlled. Since a protective layer is formed as 
mentioned above as for a rare earth permanent magnet obtained by a manufacturing method 
of this invention, the protective layer surface is considered that a minute crystal deposits and 
minute uneven shape is formed. Therefore, an anchor effect is revealed with this uneven 
shape, the adhesion of a protective layer and a resin layer improves, exfoliation and bulging of 
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a resin layer are fully controlled, and degradation of magnetic properties is also fully controlled. 
[0013] 

About a reason a rare earth permanent magnet obtained by a manufacturing method of this 
invention has sufficient corrosion resistance, this invention persons guess as follows. 
[0014] 

That is, a rare earth permanent magnet obtained by a manufacturing method of this invention 
contains a rare earth element as the composing element. This rare earth element oxidizes very 
easily, and is easily eluted in an acidic solution. A rare earth permanent magnet of this 
invention covers the first layer in which a protective layer covers a magnet element assembly 
and contains a rare earth element, and the first layer concerned, and content of a rare earth 
element has few (it does not contain substantially) second layer rather than the first layer. 
Therefore, it is thought that the stability of a protective layer improved and corrosion resistance 
improved by a rare earth permanent magnet being covered with the second layer with little 
content of a rare earth element. It is also considered that a protective layer of the above- 
mentioned specific composition has precise composition, the stability of a protective layer 
improved as a result, and corrosion resistance improved. In addition, it is thought that the rare 
earth permanent magnet of this invention could control contact with metal which constitutes a 
rare earth permanent magnet, and oxidizing substances which exist outside, such as a steam 
and oxygen, and its corrosion resistance improved further since the surface was covered with 
a resin layer. 
[0015] 

Since the desired characteristic can be demonstrated also in hot environments (for example, 
not less than 150 **) as resin contained in a resin layer, thermosetting resin is preferred. 
Especially, at least a kind of resin chosen from a group which consists of phenol resin, 
melamine resin, polyamide imide resin, polyparaxylylene resin, polyurea resin, and epoxy 
silicone resin as resin is preferred. 
[0016] 

Thus, since a rare earth permanent magnet obtained by a manufacturing method of this 
invention has sufficient corrosion resistance, it is suitable for a use as parts, such as a car and 
an industrial machine, and especially suitable for a use as a motor for hybrid cars. 
[0017] 

Thus, a rare earth permanent magnet obtained by a manufacturing method of this invention, A 
magnet element assembly containing a rare earth element, and a protective layer formed on 
the surface of the magnet element assembly concerned, So that it may be formed on the 
surface of the protective layer concerned, it may have a resin layer containing resin and it may 
have the second layer that covers the first layer in which a protective layer covers a magnet 
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element assembly and contains a rare earth element, and the first layer concerned, and does 
not contain a rare earth element substantially, It is formed by adjusting a oxidizing gas partial 
pressure, treatment temperature, and at least one condition in processing time, and heat- 
treating the above-mentioned magnet element assembly in an oxidizing atmosphere containing 
a oxidizing gas. 
[0020] 

A rare earth permanent magnet of this invention is formed on the surface of a magnet element 
assembly containing a rare earth element, and the magnet element assembly concerned, It is 
good also considering having a protective layer which has the second layer that covers the first 
layer that contains oxygen and an element of magnet element assembly origin, covers a 
magnet element assembly and contains a rare earth element, and the first layer concerned, 
and does not contain a rare earth element substantially, and a resin layer which is formed on 
the surface of the protective layer concerned and contains resin as a feature. 
A rare earth permanent magnet of this invention has sufficient corrosion resistance, and 
thickness of a protective layer in this rare earth permanent magnet is uniform, and excellent in 
dimensional accuracy. Since a protective layer and a resin layer of the above-mentioned 
specification are formed, it becomes possible to control degradation of performance at the time 
of manufacture and use, and to raise the reliability of a manufactured magnet of a rare earth 
permanent magnet of this invention. 
[0021] 

As for the second layer in a rare earth permanent magnet of above-mentioned this invention, it 
is preferred to contain a transition element and oxygen. It is preferred that a magnet element 
assembly contains transition elements other than a rare earth element and a rare earth 
element, the first layer more specifically contains transition elements other than oxygen, a rare 
earth element, and a rare earth element, and the second layer contains transition elements 
other than oxygen and a rare earth element. Especially a magnet element assembly contains 
transition elements other than a rare earth element and a rare earth element, the first layer 
uses a rare earth element, a transition element, and oxygen as the main ingredients, and the 
second layer is preferred when a transition element and oxygen are used as the main 
ingredients. Here, the "main ingredients" shall mean a case where total mass of each 
ingredient which constitutes this occupies more than 90 mass %. 
[0022] 

In such a rare earth permanent magnet, all the elements are more preferably more preferred in 
their being a rare earth element in the first layer, a transition element in the first layer and at 
least one element in a transition element in the second layer, and an element that constitutes a 
main phase of a magnet element assembly. In a rare earth permanent magnet of such this 
invention, a rare earth element is preferred in it being neodymium, and it is more preferred that 
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the second layer does not contain neodymium substantially. As transition elements other than 

this rare earth element, iron and/or cobalt are preferred. 

[0023] 

Resin which constitutes a resin layer is more preferred in it being at least a kind of resin 
chosen from a group which thermosetting resin is preferred and becomes from phenol resin, 
melamine resin, polyamide imide resin, polyparaxylylene resin, polyurea resin, and epoxy 
silicone resin. 
[0024] 

In a rare earth permanent magnet of this invention, it is preferred that the total thickness (sum 
total of thickness of the first layer and thickness of the second layer) of the first layer and the 
second layer is 0.1-20 micrometers, and it is more preferred that it is 0.1-5 micrometers further 
again. 
[0025] 

As mentioned above, in an oxidizing atmosphere, a protective layer in a rare earth permanent 
magnet obtained by a manufacturing method of this invention adjusts a oxidizing gas partial 
pressure, treatment temperature, and at least one condition in processing time, heat-treats a 
magnet element assembly and is formed so that it may become the above-mentioned specific 
composition. 
[0026] 

According to the manufacturing method of a rare earth permanent magnet of above-mentioned 
this invention, a protective layer can be formed by low cost dramatically simply, a protective 
layer of still more uniform thickness can be formed, and a rare earth permanent magnet which 
is excellent in dimensional accuracy can be manufactured. 
[0027] 

In a manufacturing method of a rare earth permanent magnet of above-mentioned this 
invention, it is preferred to adjust a oxidizing gas partial pressure, treatment temperature, and 
processing time in the case of heat treatment, and to heat-treat a magnet element assembly at 
it. A rare earth permanent magnet which has corrosion resistance easier and certainly 
sufficient by adjusting the three above-mentioned conditions can be obtained. 
[0028] 

In a manufacturing method of a rare earth permanent magnet of above-mentioned this 
invention, it is preferred to carry out acid cleaning of the magnet element assembly in the 
preceding paragraph of heat treatment. In the preceding paragraph of heat treatment 
mentioned above, since a deterioration layer and an oxidizing zone by processing formed on 
the magnet element assembly surface after the time of manufacture of a magnet element 
assembly or manufacture are removable by carrying out acid cleaning of the magnet element 
assembly, a desired oxide film can be formed with more sufficient accuracy. 
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[Effect of the Invention] 
[0029] 

According to this invention, a rare earth permanent magnet which has sufficient corrosion 
resistance, and a manufacturing method for the same can be provided. 
[Best Mode of Carrying Out the Invention] 
[0030] 

Hereafter, the suitable embodiment of this invention is described in detail, referring to drawings 
if needed. Among a drawing, to the same element, it supposes that identical codes are 
attached and the overlapping explanation is omitted. Especially physical relationship, such as 
four directions, shall be based on the physical relationship shown in a drawing, unless it 
refuses. The rate of a proportion of a drawing is not restricted to the ratio of a graphic display. 
[0031] 

Drawing 1 is a pattern perspective view showing one embodiment of the rare earth permanent 
magnet of this invention, and drawing 2 is the figure which expressed typically the section 
which appears when an l-l line cuts the rare earth permanent magnet of drawing 1 . In a 
passage clear from drawing 1 and 2, the rare earth permanent magnet 1 of this embodiment 
comprises the magnet element assembly 3, the protective layer 5 which covers the whole 
surface of the magnet element assembly 3, and is formed, and the resin layer 7 which covers 
the whole surface of the protective layer 5, and is formed. 
[0032] 

(Magnet element assembly) 

The magnet element assembly 3 is a permanent magnet containing a rare earth element. In 
this case, a rare earth element means the scandium (Sc) belonging to the 3rd fellows of the 
long period type periodic table, yttrium (Y), and a lanthanoids. To a lanthanoids, for example A 
lantern (La), cerium (Ce), PURASEOJIUMU (Pr), neodymium (Nd), samarium (Sm), Europium 
(Eu), gadolinium (Gd), TERUBINIUMU (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), a 
thulium (Tm), an ytterbium (Yb), lutetium (Lu), etc. are contained. 
[0033] 

The thing made to contain as a component of the magnet element assembly 3 combining the 
above-mentioned rare earth element and transition elements other than a rare earth element 
can be illustrated. In this case, at least a kind of element chosen from the group which consists 
of Nd, Sm, Dy, Pr, Ho, and Tb as a rare earth element is preferred, It is more suitable if at least 
a kind of element chosen from the group which becomes these elements from La, Ce, Gd, Er, 
Eu, Tm, Yb, and Y is contained further. 
[0034] 

As transition elements other than a rare earth element, iron (Fe), cobalt (Co), Titanium (Ti) and 
vanadium (V), chromium (Cr), manganese (Mn), At least a kind of element chosen from the 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_w^ 4/8/2008 



1 

JP,39 11514,B [DETAILED DESCRIPTION] 



Page 8 of 25 



group which consists of nickel (nickel), copper (Cu), a zirconium (Zr), niobium (Nb), 
molybdenum (Mo), hafnium (Hf), tantalum (Ta), and tungsten (W) is preferred, and Fe and/or 
Co are more preferred. 
[0035] 

More specifically as a component of the magnet element assembly 3, the thing of a R-Fe-B 
system or a R-Co system can be illustrated. In the former component, the rare earth element 
which used Nd as the main ingredients as R is preferred, and the rare earth element which 
used Sm as the main ingredients as R is preferred in the latter component. 
[0036] 

Especially as a component of the magnet element assembly 3, the component of a R-Fe-B 
system is preferred. Such a material has a main phase of the crystal structure of a pyramidal 
quadratic system substantially, and has a rare earth rich phase with a high blending ratio of a 
rare earth element, and a ************ phase with a high blending ratio of a boron atom into the 
grain boundary portion of this main phase. These rare earth rich phases and a ************ 
phase are nonmagnetic phases which do not have magnetism, and 0.5-50 volume % content 
of such a nonmagnetic phase is usually done into magnet constitution material. The particle 
diameter of a main phase is usually about 1-100 micrometers. 
[0037] 

In the component of such a R-Fe-B system, it is desirable in the content of a rare earth 
element being 8-40atom%. When the content of a rare earth element is less than eight atom 
%, it is in the tendency for the crystal structure of a main phase to turn into the almost same 
crystal structure as alpha iron, and for holding power (iHc) to become small. On the other 
hand, if 40 atom % is exceeded, a rare earth rich phase will be formed too much, and it is in 
the tendency for a residual magnetic flux density (Br) to become small. 
[0038] 

The content of Fe is preferred in it being 42-90atom%. When a residual magnetic flux density 
becomes it small that the content of Fe is less than 42 atom % and 90 atom % is exceeded, it 
is in the tendency for holding power to become small. The content of B is preferred in it being 
2-28atom%. When rhombohedron structure is it easy to be formed that the content of B is less 
than two atom %, and it is in the tendency for holding power to become small by this and 28 
atom % is exceeded, a ************ phase is formed too much and it is in the tendency for a 
residual magnetic flux density to become small by this. 
[0039] 

In the component mentioned above, a part of Fe in a R-Fe-B system may be replaced by Co. 
Thus, if a part of Fe is replaced by Co, temperature characteristics can be raised, without 
reducing magnetic properties. In this case, as for the amount of substitution of Co, it is 
desirable to consider it as the grade which does not become larger than the content of Fe. 
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When Co content exceeds a Fe content, it is in the tendency for the magnetic properties of the 

magnet element assembly 3 to fall. 

[0040] 

A part of B in the above-mentioned component may be replaced by elements, such as carbon 
(C) Lynn (P), sulfur (S), or copper (Cu). Thus, by replacing a part of B, manufacture of a 
magnet element assembly becomes easy, and also reduction of a manufacturing cost can be 
aimed at. At this time, as for the amount of substitution of these elements, it is desirable to 
consider it as the quantity which does not influence magnetic properties substantially, and it is 
preferred that below four atom % carries out to a composition atom total amount. 
[0041] 

It adds from a viewpoint of aiming at improvement in holding power, reduction of a 
manufacturing cost, etc. to the above-mentioned composition, Aluminum (aluminum), titanium 
(Ti), and vanadium (V), chromium (Cr), Manganese (Mn), bismuth (Bi), niobium (Nb), tantalum 
(Ta), Elements, such as molybdenum (Mo), tungsten (W), antimony (Sb), germanium 
(germanium), tin (Sn), a zirconium (Zr), nickel (nickel), silicon (Si), gallium (Ga), copper (Cu), 
and hafnium (Hf), may be added. Also as for these additions, it is preferred to consider it as the 
range which does not have on magnetic properties, and it is preferred that below ten atom % 
carries out to a composition atom total amount. In addition, as an ingredient mixed 
unescapable, oxygen (O), nitrogen (N), carbon (C), calcium (Ca), etc. can be considered, and 
these may be contained in the quantity below a three atom % grade to the composition atom 
total amount. 
[0042] 

The magnet element assembly 3 which has such composition can be manufactured with 
powder-metallurgy processing. In this method, the alloy which has a desired presentation first 
by publicly known alloy manufacturing processes, such as a casting process and the strip cast 
method, is produced. Next, after grinding this alloy so that it may become the particle diameter 
of 10-100 micrometers using coarse crushers, such as a jaw crasher, BURAUMMIRU, and a 
stamp mill, it is made to become the particle diameter of 0.5-5 micrometers with pulverizing 
mills, such as a jet mill and attritor. In this way, the obtained powder is fabricated by the 

pressure of 0.5-5t[/cm ] in the magnetic field which has the magnetic field intensity of 600 or 

more kA/m preferably. 

[0043] 

Then, after making the acquired Plastic solid sinter preferably for 0.5 to 10 hours at an inert 
gas atmosphere or vacuum Shimonaka, and 1000-1200 **, it is quenched. Heat treatment of 1 
to 5 hours is performed to this sintered compact at 500-900 ** among an inert gas atmosphere 
or a vacuum, the shape (practical use shape) of a request of a sintered compact is processed 
into it if needed, and the magnet element assembly 3 is obtained. 
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[0044] 

Thus, to the obtained magnet element assembly 3, it is preferred that acid cleaning is given 
further. That is, it is preferred that acid cleaning is given to the surface of the magnet element 
assembly 3 in the preceding paragraph of heat treatment mentioned later. 
[0045] 

As acid used by acid cleaning, it is preferred to use nitric acid. When performing plating 
treatment to common steel materials, acid of non-oxidizing qualities, such as chloride and 
sulfuric acid, is used in many cases. However, if it processes like the magnet element 
assembly 3 in this embodiment using these acid when the magnet element assembly 3 
contains a rare earth element, occlusion of the hydrogen generated with acid will be carried out 
to the surface of the magnet element assembly 3, an occlusion part will embrittle, and it will be 
generated by a lot of powdered non-melted objects. As for this powdered non-melted object, it 
is preferred not to make an acid cleaning treating solution contain acid of the non-oxidizing 
quality mentioned above in order to cause ******, the defect, and poor adhesion after a surface 
treatment. Therefore, it is preferred to use nitric acid which is acid of an oxidizing quality with 
little generating of hydrogen. 
[0046] 

It is preferred for the dissolved amount of the surface of the magnet element assembly 3 by 
such acid cleaning that not less than 5 micrometers shall be 10-15 micrometers preferably with 
average thickness from the surface. By removing thoroughly the surface deterioration layer 
and oxidizing zone by processing of the magnet element assembly 3, a desired oxide film can 
be formed with more sufficient accuracy by heat treatment mentioned later. 
[0047] 

1 N or less of nitric acid concentration of the treating solution used for acid cleaning is 0.5 N or 
less especially preferably preferably. When nitric acid concentration is too high, there is a 
tendency for the dissolution rate of the magnet element assembly 3 to be very quick, for 
control of a dissolved amount to become difficult, especially for variation to become large in 
extensive processing like barrel processing, and for maintenance of the dimensional accuracy 
of a product to become difficult. When nitric acid concentration is too low, there is a tendency 
for dissolved amounts to run short. For this reason, as for nitric acid concentration, it is 
preferred to consider it as 1 N or less, and it is preferred to consider it as 0.5-0.05 N especially. 
The dissolved amount of Fe at the time of the end of processing shall be about 1-10 g/l. 
[0048] 

In order to remove thoroughly a little non-melted objects and a remains acid component from 
the surface of the magnet element assembly 3 which performed acid cleaning, it is preferred to 
carry out washing which uses an ultrasonic wave. As for this ultrasonic cleaning, it is preferred 
to carry out in pure water with very few chloride ions on the surface of the magnet element 
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assembly 3 made to generate rust. Same rinsing may be performed if needed in the above- 
mentioned ultrasonic-cleaning order and each process of acid cleaning. 
[0049] 

( Protective layer) 

The protective layer 5 is provided with the following. 

The first layer 5a that contains the element and oxygen of the magnet element assembly 3 
origin, covers the magnet element assembly 3 and contains a rare earth element. 
The first layer 5a concerned is covered and the content of a rare earth element is few second 
layer 5b from this first layer 5a. 

Here, it shall mean that the content of the rare earth element in the second layer 5b is as 
smaller as "there is less content of a rare earth element than the first layer 5a" than the content 
of the rare earth element in the first layer 5a. "The content of a rare earth element" here is a 
rate (mass %) of the mass of the rare earth element contained in each class concerned to the 
gross mass of each class. The second layer 5b is preferred in the content (content) of a rare 
earth element being below half of the content (content) of the rare earth element in the first 
layer 5a, and especially its thing for which a rare earth element is not contained substantially is 
preferred. The element of the magnet element assembly 3 origin is a component of the magnet 
element assembly 3, transition elements other than a rare earth element and a rare earth 
element may be contained at least, and B, Bi, Si, aluminum, etc. may be contained further, 
applying the protective layer 5 on the magnet element assembly 3, or sticking **** - etc. — it is 
not what was carried out, but is magnet element assembly 3 the very things oxidizing, and 
changing, and consists of an element which appears on the magnet element assembly 3. 
Therefore, although the new metallic element which does not constitute a magnet element 
assembly is not contained in the protective layer 5, nonmetallic elements, such as oxygen and 
nitrogen, may be contained. 
[0050] 

The first layer 5a contains the element and oxygen of the magnet element assembly 3 origin 
including a rare earth element, and, more specifically, contains transition elements other than 
oxygen, a rare earth element, and a rare earth element. When the component of the magnet 
element assembly 3 is a thing of a R-Fe-B system, a transition element may use Fe as the 
main ingredients, and may contain Co etc. with the presentation of the component. 
[0051] 

Although the second layer 5b contains the element and oxygen of the magnet element 
assembly 3 origin, it does not contain a rare earth element substantially. More specifically, the 
second layer 5b contains transition elements other than oxygen and a rare earth element. 
When the component of the magnet element assembly 3 is a thing of a R-Fe-B system, a 
transition element may use Fe as the main ingredients, and may contain Co etc. with the 
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presentation of the component. 
[0052] 

The content of each component of the first layer 5a and the second layer 5b can be checked 
using publicly known component-analysis methods, such as EPMA (X-ray microanalyser 
method), XPS (X-ray photoelectron spectroscopy), AES (Auger electron spectroscopy), or 
EDS (energy dispersion type X-ray fluorescent spectroscopy). 
[0053] 

Here, the mode from which a rare earth element is not detected as a mode which does not 
contain a rare earth element substantially by EDS mentioned above can be considered. 
[0054] 

The protective layer 5 is formed by adjusting a oxidizing gas partial pressure, treatment 
temperature, and at least one condition in processing time, and heat-treating the magnet 
element assembly 3 in the oxidizing atmosphere containing a oxidizing gas, so that it may 
become the composition which the protective layer 5 mentioned above (heating) (protective 
layer formation process). It is preferred to adjust a oxidizing gas partial pressure, treatment 
temperature, and three conditions of processing time in the case of this heat treatment. 
[0055] 

Here, especially if an oxidizing atmosphere is the atmosphere containing a oxidizing gas, it will 
not be limited, but it is an atmosphere by which oxidation of the atmosphere, oxygen 
environment (preferably oxygen tension adjustment atmosphere), a steam atmosphere 
(preferably steam part pressure adjustment atmosphere), etc. is promoted, for example. 
Oxygen, a steam, etc. are mentioned although not limited especially as a oxidizing gas. For 
example, the oxygen density of oxygen environment is 0.1% or more of atmosphere, and 
inactive gas lives together with oxygen in the atmosphere. Nitrogen is mentioned as this 
inactive gas. That is, there is atmosphere which consists of oxygen and inactive gas as a 
mode of oxygen environment. For example, a steam partial pressure is not less than 10-hPa 
atmosphere a steam atmosphere, and inactive gas lives together with the steam in the 
atmosphere. Nitrogen is mentioned as this inactive gas and there is atmosphere which 
consists of a steam and inactive gas as a mode of a steam atmosphere. It is desirable from the 
ability to form a protective layer more simply by making an oxidizing atmosphere into a steam 
atmosphere. As an oxidizing atmosphere, the atmosphere containing oxygen, a steam, and 
inactive gas is also mentioned. 
[0056] 

When adjusting the above-mentioned conditions, correlation with the composition of the 
protective layer 5 and at least one condition in a oxidizing gas partial pressure, treatment 
temperature, and processing time is searched for first. Next, based on the correlation, a 
oxidizing gas partial pressure, treatment temperature, and at least one condition in processing 
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time are adjusted in the case of heat treatment so that the protective layer 5 may serve as the 

above-mentioned specific composition. 

[0057] 

At this time, as for treatment temperature, it is preferred to be adjusted from the range of 200- 
550 **, and it is more preferred to be adjusted from the range which is 250-500 **. When 
treatment temperature exceeds the above-mentioned upper limit, it is in the tendency for 
magnetic properties to deteriorate, and there is a tendency it to become difficult to form the 
oxide film of the request by it being less than the above-mentioned lower limit. 
[0058] 

As for processing time, it is preferred to be adjusted from the range of 1 minute - 24 hours, and 
it is more preferred to be adjusted from the range of 5 minutes - 10 hours. When processing 
time exceeds the above-mentioned upper limit, there is a tendency for magnetic properties to 
deteriorate and there is a tendency it to become difficult to form a desired oxide film as it is 
less than another side and the above-mentioned lower limit. 
[0059] 

When an oxidizing atmosphere is a steam atmosphere, correlation with the composition of the 
protective layer 5, and a steam partial pressure, treatment temperature and processing time is 
searched for first. Next, based on the correlation, a steam partial pressure, treatment 
temperature, and at least one condition in processing time are adjusted in the case of heat 
treatment so that the protective layer 5 may serve as the above-mentioned specific 
composition. 
[0060] 

In this case, as for treatment temperature and processing time, it is preferred to be adjusted 
from within the limits mentioned above. As for a steam partial pressure, it is preferred to be 
adjusted from the range of 10-2000 hPa. It is in the tendency which cannot become the two- 
layer structure which the protective layer 5 mentioned above as a steam partial pressure is 
less than 10 hPa easily. On the other hand, when exceeding 2000 hPa, since it is high voltage, 
an equipment configuration becomes complicated, and also it is in the tendency for becoming 
easy to produce dew condensation etc. and workability to worsen. 
[0061] 

As for the total thickness of the first layer 5a and the second layer 5b, it is preferred that it is 
larger than 0.1 micrometer, and it is more preferred that it is 1 micrometers or more. The 
tendency which becomes difficult has formation of the protective layer which has two-layer 
structure as this total thickness is 0.1 micrometer or less. On the other hand, as for the total 
thickness of the first layer 5a and the second layer 5b, it is preferred that it is less than 20 
micrometers, and it is more preferred that it is 5 micrometers or less. It is in the tendency for 
formation of an oxide film to become difficult for this total thickness to be not less than 20 
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micrometers, or for magnetic properties to fall. 
[0062] 

As for the thickness of the second layer 5b, it is preferred that it is not less than 5 nm. Since 
thickness becomes it thin that this thickness is less than 5 nm too much, there is a tendency 
which becomes insufficient [ the depressor effect of corrosion ]. 
[0063] 

(Resin layer) 

The resin layer 7 contains resin and is constituted. Although a synthetic resin or a natural resin 
may be sufficient as this resin (resin), a synthetic resin is preferred and thermosetting resin is 
more preferred. As such thermosetting resin, phenol resin, an epoxy resin, Urethane resin, 
silicone resin, melamine resin, epoxy melamine resin, thermosetting acrylics, polyimide resin, 
polyamide imide resin, polyparaxylylene resin, polyurea resin, epoxy silicone resin, acrylic 
silicone resin, etc. are mentioned. As thermoplastics, the polyvinyl resin which uses vinyl 
compounds, such as acrylic acid, ethylene, styrene, VCM/PVC, and vinyl acetate, as a raw 
material is mentioned. The resin layer 7 may contain metal particles, an oxide particle, a 
carbon particle, etc. 
[0064] 

Especially, the resin layer 7 is preferred in it being a layer containing phenol resin, an epoxy 
resin, epoxy silicone resin, or melamine resin. It is desirable in it being a layer especially 
included combining phenol resin, epoxy silicone resin or an epoxy resin, and melamine resin. 
Since it excels in corrosion resistance as compared with the silicone resin which does not 
denaturalize, silicone resin like epoxy silicone resin by which epoxy denaturation was carried 
out can be conveniently used like phenol resin etc. 
[0065] 

As phenol resin which can form the resin layer 7, alkylphenol resin and alkyl polyhydric phenol 
resin are mentioned, for example, what was produced by hardening the monomer of 
alkylphenol and alkyl polyhydric phenol, oligomer, and these mixtures can be illustrated. After 
hardening, for example, makes the monomer etc. and formaldehyde which were mentioned 
above react and forms resol, it can be performed by the method of polymerizing the obtained 
resol, and the method of polymerizing urushiol and water. 
[0066] 

As alkylphenol or alkyl polyhydric phenol, the compound expressed with a following general 
formula (1) is mentioned. 
[Formula 1] 
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OH 




[0067] 
11 12 

R and R show hydroxyl or an alkyl group among a formula, and at least one side is an 

11 12 

alkyl group among R and R . Especially, while having a hydroxy group in the ortho position 
of the hydroxy group in a formula, the alkyl polyhydric phenol which has an alkyl group in a 
meta position or the para position is preferred. As such alkyl polyhydric phenol, The ingredient 
generally contained in a Japanese lacquer paint is preferred, and, specifically, RAKKORU etc. 
which have a -C 1? H 31 group are mentioned to the urushiol which has a -C 1? H 25 group in a 

meta position, CHICHIORU which has a -C 1? H 33 group in the para position, or a meta position. 
[0068] 

Since above-mentioned alkylphenol or alkyl polyhydric phenol can act as a reducing agent, 
even if it is exposed to an elevated temperature in the case of hardening, the magnet element 
assembly 3 will be covered by strong reducing atmosphere, and can reduce substantially 
degradation of the magnet element assembly 3 by advance of oxidation. 
[0069] 

Although not restricted especially as an epoxy resin, epoxy compounds, such as a bisphenol 
type, a glycidyl ether type of polyol, a polyacid glycidyl ester type, a glycidyl amine type of 
polyamine, and an alicyclic epoxy type, are applicable, for example. As for an epoxy resin, it is 
preferred that a hardening agent which may stiffen the compound concerned is included 
further in addition to an epoxy compound mentioned above. As a hardening agent, they are 
mentioned by polyamine, an epoxy resin addition of polyamine, polyamide amines, polyamide 
resin, etc., and, for example specifically, Meta xylenediamine, isophoronediamine, 
diethylenetriamine, triethylenetetramine, diaminodiphenylmethane, etc. can be illustrated. 
[0070] 

After melamine resin makes formaldehyde react to melamine (2,4,6-triamino 1 ,3,5-triazine) 
and obtains methylolmelamine, it is resin produced by hardening this. Although such melamine 
resin may form the resin layer 7 independently, it is more preferred to use for example, 
combining phenol resin and an epoxy resin which were mentioned above. Since melamine 
resin can form many structure of cross linkage into phenol resin or an epoxy resin, the resin 
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layer 7 included combining these becomes what was extremely excellent in heat resistance 
and intensity. As a result, the corrosion resistance of the rare earth permanent magnet 1 and 
heat resistance improve further. 
[0071] 

The resin layer 7 is formed using each resin mentioned above. For example, each resin 
mentioned above can be dissolved in an organic solvent, coating liquid for resin layer 
formation can be prepared, and the resin layer 7 can be formed by applying this coating liquid 
on the surface of the protective layer 5, and drying it (resin layer formation process). 
[0072] 

Here, although a coating method in particular at the time of forming the resin layer 7 is not 
limited, a dip coating method, a dip spin coat method, a spray coating method, etc. are 
mentioned. The resin layer 7 may be formed by applying once, may carry out multiple-times 
spreading and may form coating liquid for resin layer formation. When multiple-times spreading 
of the coating liquid is carried out and the resin layer 7 is formed, it is hard to produce a non- 
application portion. 
[0073] 

As a formation method of the resin layer 7, modified chemical vapor deposition (CVD method) 
is also applicable in addition to spreading mentioned above. Especially, a vapor deposition 
polymerization method which makes it polymerize at the same time it makes a monomer made 
to evaporate vapor-deposit on the surface of the protective layer 5, and forms the resin layer 7 
is preferred. According to such a vapor deposition polymerization method, the good resin layer 
7 of flattery nature to the shape of surface type of the protective layer 5 is formed, and it is in a 
tendency whose adhesion of the protective layer 5 and the resin layer 7 improves. As a result, 
a corrosion-resistant improved effect by the resin layer 7 becomes still better. 
[0074] 

When specifically forming the resin layer 7 which consists of polyparaxylylene, for example, 
First, a dimer of p-xylylene is prepared, this is introduced into an evaporation furnace, it is 
made to evaporate in 200 ** or less and 1 Torr or less, obtained gaseous p-xylylene is 
introduced into a cracking unit, and a pyrolysis is carried out by 700 ** or less and 0.5 Torr or 
less. Subsequently, it leads to a deposition chamber which has arranged the magnet element 
assembly 3 in which the protective layer 5 was formed in this decomposed gas, a 
polymerization of p-xylylene is produced at the same time it makes the surface of the 
protective layer 5 vapor-deposit under ordinary temperature and conditions of 0.01 - 0.2Torr, 
and the resin layer 7 which consists of polyparaxylylene is formed. 
[0075] 

As for thickness of the resin layer 7, 0.1-100 micrometers is preferred, and its 1-50 
micrometers are more preferred. 
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[Example] 
[0076] 

Hereafter, although an example explains this invention still in detail, this invention is not limited 
to these examples. 

[Manufacture of a rare earth permanent magnet] 

[0077] 

(Example 1) 

With powder-metallurgy processing, the presentation produced the ingot which is 13.2Nd- 
1.5Dy-77.6Fe-1.6Co-6.1B (a number expresses atomic percent.), and carried out coarse 
grinding of this. Then, jet mill grinding by inactive gas was performed, and impalpable powder 
with a mean particle diameter of about 3.5 micrometers was obtained. It was filled up with the 
obtained impalpable powder in the metallic mold, and it was fabricated all over the magnetic 
field. Subsequently, heat treatment after sintering was performed in the vacuum, and the 
sintered compact was obtained. The magnet element assembly which cut down and processed 
the obtained sintered compact into the 35mmx19mmx6.5mm size and into which practical use 
shape was processed was obtained. 
[0078] 

Next, the obtained magnet element assembly was immersed for 2 minutes into 2%HNO 

solution, and ultrasonic rinsing was performed after that. 
[0079] 

Heat treatment for 8 minutes was performed for the magnet element assembly which gave 
acid cleaning (acid treatment) as mentioned above at 400 ** among the oxygen-nitrogen mixed 
atmosphere of 70 hPa (7% of oxygen density) of oxygen tension, and the protective layer was 
formed. 
[0080] 

The rare earth permanent magnet which the protective layer formed on the surface of a 
magnet element assembly as mentioned above was flake-ized using the focused-ion-beam- 
working device, and the membrane structure near the surface was observed with the 
transmission electron microscope. JEM-3010 by JEOL Co., Ltd. was used for the transmission 
electron microscope. The photograph which expanded some electron microscope photographs 
of drawing 3 for the acquired electron microscope photograph to drawing 3 is shown in drawing 
4. 

[0081] 

Drawing 3 and the layer most with black right-hand side in 4 are platinum-palladium 
membrane, and the white layer which adjoins the black layer is the second layer that does not 
contain neodymium among the protective layers of a rare earth permanent magnet. 
It was checked that the average thickness is 50 nm. 
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The gray layer (layer to which the color is becoming deep gradually toward a white boundary to 
the magnet element assembly side) which adjoins the second layer is the first layer containing 
neodymium, and it was checked that the average thickness is 1 micrometer. As shown also in 
drawing 3 and 4, forming the first layer on a magnet element assembly, and forming the 
second layer on the first layer was checked. 
[0082] 

The above-mentioned rare earth permanent magnet is flake-ized using a focused-ion-beam- 
working device, The membrane structure near the surface was observed with the transmission 
electron microscope (JEOL 3010 [ JEM-]), and the element contained in the first layer and 
second layer was analyzed using EDS (Voyagerlll made from Noraanlnstruments). As a result, 
Nd, Fe, and O were detected as main ingredients from the first layer, Fe and O were detected 
from the second layer, and Nd was not detected. 
[0083] 

Thus, the paint of phenol resin was further applied to the rare earth permanent magnet in 
which the protective layer was formed with the dip spin coat, and it heated at 150 ** for 20 
minutes. This process was repeated twice, about 3-micrometer resin layer was formed, and 
the rare earth permanent magnet of Example 1 was obtained. 
[0084] 
(Example 2) 

The magnet element assembly which cut down and processed into the 30mmx19mmx6.5mm 
size the sintered compact obtained by producing a sintered compact like Example 1 and into 
which practical use shape was processed was obtained. Subsequently, it heat-treated by 
having given acid cleaning like Example 1, and the protective layer was formed. The obtained 
rare earth permanent magnet forms the first layer on a magnet element assembly. 
Forming the second layer on the first layer was checked. 

[0085] 

Thus, the paint of phenol resin was further applied to the rare earth permanent magnet in 
which the protective layer was formed by the spray coat, and it heated at 150 ** for 20 minutes. 
Thus, about 5-micrometer resin layer was formed and the rare earth permanent magnet of 
Example 2 was obtained. 
[0086] 
(Example 3) 

The magnet element assembly which cut down and processed into the 20mmx10mmx2mm 
size the sintered compact obtained by producing a sintered compact like Example 1 and into 
which practical use shape was processed was obtained. Subsequently, it heat-treated by 
having given acid cleaning like Example 1, and the protective layer was formed. The obtained 
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rare earth permanent magnet forms the first layer on a magnet element assembly. 
Forming the second layer on the first layer was checked. 

[0087] 

Thus, the paint of the epoxy resin was further applied to the rare earth permanent magnet in 
which the protective layer was formed by the spray coat, and it heated on 150 ** and the 
heating conditions for 20 minutes. Thus, about 5-micrometer resin layer was formed and the 
rare earth permanent magnet of Example 3 was obtained. 
[0088] 
(Example 4) 

The rare earth permanent magnet of Example 4 was obtained like Example 3 except having 
replaced with the paint of an epoxy resin and having used the paint of silicone resin. 
[0089] 
(Example 5) 

While replacing with the paint of an epoxy resin and using the paint of polyimide resin, the rare 
earth permanent magnet of Example 5 was obtained like Example 3 except having made 
heating conditions into 250 ** and 20 minutes. 
[0090] 
(Example 6) 

After obtaining the rare earth permanent magnet in which the protective layer was formed like 
Example 3, about 5-micrometer resin layer which performs a pyrolysis and vapor deposition 
polymerization to polymerize to this, and becomes it from a polyparaxylylene film about a 
monochrome RUPARA xylylene dimer was formed, and the rare earth permanent magnet of 
Example 6 was obtained. 
[0091] 
(Example 7) 

First, like Example 1 , the magnet element assembly was formed and acid cleaning was given 
to this. The magnet element assembly after the obtained acid cleaning was performed at 450 
** among a nitrogen atmosphere with a steam partial pressure of 475 hPa, it heat-treated on 
condition of for 10 minutes, and the protective layer was formed. As a result of observing the 
membrane structure near [ this protective layer was made to form in ] the surface of a magnet 
element assembly like Example 1 , the first layer thickness was 3 micrometers and the second 
layer thickness was 100 nm. 
[0092] 

Subsequently, after applying the paint of phenol resin by a spray coat to the magnet element 
assembly which has this protective layer, heated at 150 ** for 20 minutes, about 5-micrometer 
resin layer was made to form, and the rare earth permanent magnet of Example 7 was 
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obtained. 
[0093] 
(Example 8) 

It heat-treated on the conditions for 13 minutes at 7% of an oxygen density, and 350 **, and 
the rare earth permanent magnet of Example 8 was obtained like Example 7 except having 
formed what has the first 0.9-micrometer-thick layer and the second 50-nm-thick layer as a 
protective layer. 
[0094] 
(Example 9) 

It heat-treated on the conditions for 10 minutes at 0.5% of an oxygen density, and 410 **, and 
the rare earth permanent magnet of Example 9 was obtained like Example 7 except having 
formed what has the first 1.5-micrometer-thick layer and the second 50-nm-thick layer as a 
protective layer. 
[0095] 

(Example 10) 

It heat-treated on the conditions for 10 minutes at 21% of an oxygen density, and 410 **, and 
the rare earth permanent magnet of Example 10 was obtained like Example 7 except having 
formed what has the first 2.1 -micrometer-thick layer and the second 100-nm-thick layer as a 
protective layer. 
[0096] 

(Example 11) 

It heat-treated on the conditions for 10 minutes at 7% of an oxygen density, and 500 **, and 
the rare earth permanent magnet of Example 1 1 was obtained like Example 7 except having 
formed what has the first 5-micrometer-thick layer and the second 300-nm-thick layer as a 
protective layer. 
[0097] 

(Example 12) 

It heat-treated on the conditions for 10 minutes at the oxygen density of 0.5%, the steam 
partial pressure of 74 hPa, and 390 **, and the rare earth permanent magnet of Example 12 
was obtained like Example 7 except having formed what has the first 1 ,7-micrometer-thick 
layer and the second 100-nm-thick layer as a protective layer. 
[0098] 

(Example 13) 

It heat-treated on the conditions for 10 minutes at the oxygen density of 0.5%, the steam 
partial pressure of 12 hPa, and 390 **, and the rare earth permanent magnet of Example 13 
was obtained like Example 7 except having formed what has the first 1.4-micrometer-thick 
layer and the second 80-nm-thick layer as a protective layer. 
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[0099] 

(Example 14) 

It heat-treated on the conditions for 10 minutes at the steam partial pressure of 2000 hPa, and 
400 **, and the rare earth permanent magnet of Example 14 was obtained like Example 7 
except having formed what has the first 1.8-micrometer-thick layer and the second 120-nm- 
thick layer as a protective layer. 
[0100] 

(Example 15) 

First, like Example 1, the magnet element assembly was formed and acid cleaning was given 
to this. The magnet element assembly after the obtained acid cleaning was performed at 7% of 
an oxygen density, and 330 **, it heat-treated on condition of for 10 minutes, and the protective 
layer was formed. The membrane structure near [ this protective layer was made to form in ] 
the surface of a magnet element assembly was analyzed by depth direction analysis by Auger 
electron spectroscopy (AES). SAM680 by the ULVAC phi company was used for Auger 
electron spectroscopy. The result checked that the second layer was formed by 16-nm Fukashi 
from the surface, and the first layer was formed in 0.4 micrometer of these second layer 
bottoms. 
[0101] 

Subsequently, after applying the paint of phenol resin by a spray coat to the magnet element 
assembly which has this protective layer, heated at 150 ** for 20 minutes, about 5-micrometer 
resin layer was made to form, and the rare earth permanent magnet of Example 15 was 
obtained. 
[0102] 

(Example 16) 

It heat-treated on the conditions for 10 minutes at 21% of an oxygen density, and 290 **, and 
the rare earth permanent magnet of Example 16 was obtained like Example 15 except having 
formed what has the first 1.1 -micrometer-thick layer and the second 10-nm-thick layer as a 
protective layer. 
[0103] 

(Example 17) 

It replaced with the paint of an epoxy resin and the rare earth permanent magnet of Example 
17 was obtained like Example 3 except having used the paint of epoxy silicone resin. 
[0104] 

(Comparative example 1) 

The magnet element assembly was produced like Example 1 , acid cleaning by HNO solution 

was given 2%, and the rare earth permanent magnet of the comparative example 1 was 
obtained. To this magnet element assembly, the processing section was produced using the 
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focused-ion-beam-working device, and it observed with the scanning electron microscope (the 
Hitachi, Ltd. make, S-4700). The photograph which expanded some electron microscope 
photographs of drawing 5 f or the acquired electron microscope photograph to drawing 5 is 
shown in drawing 6 . In drawing 5 and 6, a white layer is the platinum-palladium membrane for 
analysis, and the magnet element assembly was checked by the white layer bottom. 
[0105] 

(Comparative example 2) 

The magnet element assembly was produced like Example 1, and acid cleaning by HN0 3 

solution was given 2%. Next, it heat-treated like Example 1, the protective layer was formed, 
and the rare earth permanent magnet of the comparative example 2 was obtained. The rare 
earth permanent magnet of the comparative example 2 does not form the resin layer. The rare 
earth permanent magnet of the comparative example 2 was observed with the transmission 
electron microscope like Example 1 . The result checked that the protective layer was 
constituted from the first layer of 1 micrometer of average thickness by the second layer [ of 50 
nm of average thickness ], and second layer bottom at the outermost surface of a rare earth 
permanent magnet also by the rare earth permanent magnet of the comparative example 2. 
[0106] 

(Comparative example 3) 

The magnet element assembly was produced like Example 1, and acid cleaning by HN03 
solution was given 2%. Next, without performing protective layer formation by heat treatment, 
the paint of phenol resin was applied by the spray coat, and it heated at 150 ** for 20 minutes. 
Thus, about 5-micrometer resin layer was formed and the rare earth permanent magnet of the 
comparative example 3 was obtained. 
[0107] 

(Neutral salt spray test) 

Based on JIS K5600-7-1, the neutral salt spray test was done at 35 ** for 96 hours using 5% of 
salt water to the rare earth permanent magnet of Examples 1-17 and the comparative 
examples 1-3. 
[0108] 

First, when the rare earth permanent magnet magnetic flux of Examples 1-17 after a neutral 
salt spray test and the comparative examples 1-3 is measured, the magnetic flux fall in 
comparison with examination before is 0.4% in Example 1. 

In the comparative example 1, it was 2.7%, and was 2.0% in the comparative example 2. 
The fall of magnetic flux was not seen in Examples 2-17 and the comparative example 3. 
[0109] 

The generation state of the rust of the rare earth permanent magnet of Examples 1-17 by a 
neutral salt spray test and the comparative examples 1-3 was compared. 
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[0110] 

First, before the neutral salt spray test, rust was generated in neither of the rare earth 
permanent magnets. It is considered as an example, and the photograph of the rare earth 
permanent magnet of the comparative example 1 is shown in drawing 9 , and the photograph of 
the rare earth permanent magnet of the comparative example 2 is shown for the photograph of 
the rare earth permanent magnet of Example 2 before a neutral salt spray test in drawing 11 at 
drawing 7 , respectively. 
[0111] 

At the time of 24 hours, it is partial in generating of rust with Example 1 from the start of a 
neutral salt spray test, and is minor, and generating of rust was not seen in Example 2. On the 
other hand, in the comparative examples 1 and 2, rust had covered the whole magnet, and 
generating of rust was especially remarkable in the comparative example 1. From the start of a 
neutral salt spray test, the photograph of the rare earth permanent magnet of the comparative 
example 1 is shown in drawing 10 , and the photograph of the rare earth permanent magnet of 
the comparative example 2 is shown for the photograph of the rare earth permanent magnet of 
Example 2 in the time of 24 hours in drawing 8 at drawing 12 , respectively. 
[0112] 

The generation state of the rust of each rare earth permanent magnet was compared after 96- 
hour progress from the start of a neutral salt spray test. As a result, in the comparative 
examples 1 and 2, the layer of rust remained in the surface, without the ability to finish wiping 
off even if rust has occurred thickly and wipes off rust so that rust separates and falls from the 
magnet surface. On the other hand, in Example 1, although the rust into which resin layers, 
such as a magnetic corner, occurred and flowed from the imperfect portion covered like the 
half on the surface of a magnet, when it wiped off rust, the layer of rust was removed and it 
was checked that generating of rust is minor. When the section was checked, in the 
comparative example 2, rust had occurred by a thickness of about 50 micrometers from the 
magnet surface. On the other hand, in Example 1, rust was not observed in a section. 
Generating of rust was not seen in Example 2. 
[0113] 

As for neither, generating of rust was seen when the generation state of rust was similarly 
observed about the rare earth permanent magnet of Examples 3-17 and the comparative 
example 3. 
[0114] 

(Pressure cooker test) 

The pressure cooker test was done to the rare earth permanent magnet of Examples 1-17 and 
the comparative example 3. The test condition was considered as neglect under the 
environment of 120 **, 0.2MPa, and 100%RH for 100 hours. As a result, in neither of 
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Examples 1-17, an exterior change called generating of exfoliation of the resin layer by 
examination, bulging, and rust was accepted. On the other hand, at the rare earth permanent 
magnet of the comparative example 3, peeling of a resin layer was seen at the end after the 
examination. 
[0115] 

When change of the magnetic flux before and behind the examination of these rare earth 
permanent magnets was measured, each rare earth permanent magnet of Examples 1-17 had 
very small flux reversal, and the rare earth permanent magnet of the comparative example 3 
had large magnetic flux degradation to it having been checked that the rare earth permanent 
magnet after an examination is also what is fully sufficient for practical use. The flux reversal 
by the rare earth permanent magnet of Examples 1-17 and the comparative example 3 is 
collectively shown in Table 1. 
[0116] 
[Table 1] 



3< _|_ am T44 "T— 
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-0. 1 
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-0. 1 




-0. 1 
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-0. 1 
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tt3£#j3 


-0. 8 
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[Brief Description of the Drawings] 
[0117] 

[Drawing 1] lt is an outline perspective view showing one embodiment of the rare earth 
permanent magnet of this invention. 

[Drawing 2] lt is an outline sectional view showing one embodiment of the rare earth permanent 
magnet of this invention. 

[Drawing 3] lt is an electron microscope photograph of the rare earth permanent magnet of 
Example 1. 

[Drawing 4] lt is the electron microscope photograph to which a part of drawing 3 was 
expanded. 

[Drawing 5] lt is an electron microscope photograph of the rare earth permanent magnet of the 
comparative example 1. 

[Drawing 6] It is the electron microscope photograph to which a part of drawing 5 was 
expanded. 

[Drawing 7] It is a photograph of the rare earth permanent magnet of Example 2 before a 
neutral salt spray test. 

[Drawing 8] lt is a photograph of the rare earth permanent magnet of Example 2 in the time of 
24 hours from the start of a neutral salt spray test. 

[Drawing 9] lt is a photograph of the rare earth permanent magnet of the comparative example 
1 before a neutral salt spray test. 

[Drawing 10] lt is a photograph of the rare earth permanent magnet of the comparative example 

1 in the time of 24 hours from the start of a neutral salt spray test. 

[Drawing 11] lt is a photograph of the rare earth permanent magnet of the comparative example 

2 before a neutral salt spray test. 

[Drawing 12] lt is a photograph of the rare earth permanent magnet of the comparative example 
2 in the time of 24 hours from the start of a neutral salt spray test. 
[Description of Notations] 
[0118] 

1 [ — The first layer, 5b / - The second layer, 7 / — Resin layer. ] A rare earth permanent 
magnet, 3 — A magnet element assembly, 5 — A protective layer, 5a 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 4/8/2008 



JP,391 1514,B [DRAWINGS] 



Page 2 of 12 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 11] 
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[Drawing 12] 
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tf !B#5F&*3I SBC T ± & L ft #tt{fctt©»* Kifci^fflafcK:^* c i: 

[ 0 0 4 6 ] 

, $?f: L < « 1 0—1 5fimi:-r^O^»3lT^5„ ai5^{*3©*fficDiOX{Cii)^K 
I^SfkS^^^tiitSiitT, &iB-rsMSfc «fc 0 , Bil<?)iftl5:i!)ga<): 

[ 0 0 4 7 ] 

5*SWT1?*5. ffiHafi^M-r ^£ i:> JKSiRflK 3 ©*fl*M*<«ii>Ta< , jgfl?« 

©^•jstsao*6»tfHJifcft*«iRj« , *s. £ft, ffiwtmmtt<&?gz mmmw^s. 

tSttlRl^SS. c © ft sb . fifi g? ifi JK & 1 StWTttli c ttftifg L/ < , ^£0. 5~ 
0. 05i^i:tiC tff&Si L^o 3: ft, #1 31 i& 7 Rf <D F eOSSItt, 1 ~ 1 0 g / 
1 *§Jg fcf 5, 
[ 0 0 4 8 ] 

affifc»*»**^a**^*>3^*«>Ti!>a:v"»ie**T?ff 5 ©j^»s $ft, ±e 

[ 0 0 4 9 ] 

fftSS-OlSai:, Si$-©i5a*|V>, C Og-Ol 5 a J; »5 ii/nf 
Otfl^^St^ZOg 5 b t^m? CCT?, r^— OS 5 a J: 0 & fit ± S 7t J£ <D 
#*S*^* £ SI— £>JS 5 a "4> <D fit ± 3« 7C lit <£> -g- * ^5 <£ 0tIHOI5 b fit 

Iff ~ <0» 5 b li. fjt±S7c3}5©-&*iS ($^^) tf, ^ — ©S5a^*5CJSf&±S 
C t&ftlcft £ L,</>„ £ft, fi£5#ttt 3 Etj3fc©7ti!l i: t±. M&m& 3 ©Mtt^T-ifc D > 
A 1 & H^ShS li^tf & 5. ««« 5 (i. &5Stf* 3 ±icW-? ft 0 ft 0 4 if Lft 

t«T(i§<, sssiiift 3 gf*#&{fc-r £>& if LT^ib-r?> c i: t», m&mte3 ±fcmti 

&7cs?tfr ?>&£>o Sil 5 Ktt«5liSf*fc&j£L&^Srft&&Jg7tS?Ste^g;n 

[0 0 5 0 ] 

gf — ©«5a(i, S±m7t;^^%fc 3 & 3fc <D tg iil R l>* & St ;& # W L, <i; 

©1tJjK»5ft# R - F e - B3fc<Dti(DT'&%>t§-alCt,£^ jI&TcStJi F e^±^^tt5t»© 
T*& 0 , ^-OfllfigtJ^OffiJSt «fc C o&if;£^A,T*l^T*><fc^ 0 
[0 0 5 1 ] 

£ft, Sz©i5 b!i, fi&SStifc 3 & * <E> tc St R t>* ® St £ M f 2>tf, fit ± S ?t St 5: #1 
SMCttL4l\ <fc t» Rttimcti. Srcl5bii« &StRtf fit ± tc St W W <D 5H£ 7t 
i^tttSo m&m& 3 ©1#Jj!c*t**# R - F e - B^Ot<DTJ&liSaC(i, w&jtm 
It F e£:±fi£#i:-f£>&<DT*2D?K * <D HI fi£ ** *4 <D & fig &C «fc K> C o^if^^A,T*V^Tt«k 
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[ 0 0 5 2 ] 

m — (DM 5 a J&Zf 3t~ COM 5 b <D&mj£ttH<DS&mte, EPMA (XS?^Q7t 

, x p s (.xmytn?#%m) > aes (t->'iif»)ta)xiiEDs 

3 = 

[ 0 0 5 3 ] 

CUT*. S ± S 7C ifi H M IftK # W LfcVtR* £ LTti, ±izE L E D S K £ 0 ?&±« 
[ 0 0 5 4 ] 

<t5ic, & {b 14 # x # je . «iajaftRtfaa«niBo3 -Bo^ft < t i o©*#*wseu 
^iMioKtta, mb tt # * # be . iiigiRtfMi$pgo3oo^ft^is-r5ci: 

[ 0 0 5 5 ] 

. M#fflM (iff s l < izmmft&mm^w^.') . ikmnmmm. c»*l 

Tti» WKBJtsfta^ff, itx, ***ns*«**f ens. % 
*Mtfo. i %tti©fiMt*g!)> ^(D mm mat, mmt#ic^?£iij}7,tf±*i&is 20 

It&mt^'tS&XX t A>e,«:5 3?fflM^fe-So $7c, 0g*.Hf, zk ?R * » H « tt * 3R * $> 
JEA S 1 0 h P a JW±©»H£CT* 9 , * © 31 H M K (± , 7j<M t « tc ^jgtttfX L 
T^§o a^a> 3 ^ ?S 14 # 7. LTtig^A^tf 6*u 7j<^mf?ffl^O^« t L T ti?J<Ma 

[ 0 0 5 6 ] 

»15««, ±iH#^©«^ci:^:^<t ^ic, Ma©i£.fc, &{btt#x#ff, mm&o* 

M a B£ F(3 <D 5 -5<D'>& < i: t> 1 OCD^ft^rPS-r So 
[ 0 0 5 7 ] 

COi?, MSJgfifci. 2 0 0 ~ 5 5 0 VCDffifflfr 6IlJtlS C i: b < . 25 

0-5 0 0*CO«HJ^6BISE«ti*Ct«<J:?)»*LV'». »a»ft««±E±ffiffl*iB* * 
tlKM1t14*^fb-rs«[Rjfcfe t) . ±KTISffi*» , T?&S i: mao&fbSi*: Jgfig-r § c i: 

[ 0 0 5 8 ] 

$rc, jii^Ki, i #~ 2 4 i«noi6BA'&nfi^n« c t l < % 5#~io 

«PIHlOliBffl^6WSE«ns C i:^<fc 9$?S: U\ ffl 3 B# B a* ± IB ± PB fit £ jS * $ i: , 981^ 40 

w 14 a<& it t * m fa a<& d , (67?, _ktBTM*«T** mm <o&<tm * & c 

[ 0 0 5 9 ] 

^{b14HB^*^J<^M#HmT*$>-S«^li:t±, GSM 5 ©El fig i; , Tk^m 

#JE. ttljBSStfffll«n £ <DfflH33:5Ri65. ^ © tl H8 K « "3 * , ffiMJI 5 a*. 

±IB ! f#?g©#ifiJci:&3<}: 5 fc, HiiOitc^ 7j<^#E. &M&&tf ttMRB O r> % 

[0 0 6 0] 

Tk^M^-fftt. 1 0~2 0 0 0 hPaOl6i^f.ii^n%Cti!)'!fJl^ o 7jcl 50 
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&£>o -7j. 2 0 0 0 hPa5Sit5l^«> ffiJE § &ge«J*tf«i* f: ft 5 «i * % 
, J3B«#£ < ft *«f, f^Jttttf«< ft««lftK*«. 
[ 0 0 6 1 ] 

$ft> |-0|5atSlOl5b 2:Ol£MJ?», 0. 1 (imiH^f ^a^ifS 
L<. 1 jimUlTfeSCttfiOfftL^. COttKf^O. 1 /i mWTTfeS t 21 
«ifi*Sr *«M«E>«J*#Hiii: ft* o — £\ ^ — 0» 5 a tlr©| 5 b 

i:©8§iJPfi, 2 0/im*lT*4ili:*«»SL<, 5 |imttT?*5C fctf L 
C <0l£§iJ¥# 2 0 ft mJ-X_hT-&£ i: , g?{t§t£>M# M t ft o ft 0 , «*[1$tt#ffi 
T If; t) 1" 5 fate & 5 „ 10 
[ 0 0 6 2 ] 

m~(Dm 5 b Olffi, 5 n mJM±T?a&S LV. C©§tJ*tf5nm* 

S§ T* 35 -5 i: . MJPAtff < ft t) JfllfS fc*, S^OjPtJ%**^ + ^fcft SfllRlVfte. 
[ 0 0 6 3] 
(MM) 

«JBg«7«, 8II«tWLT«6K*nS. A>^iil (resin) £ L T « fig HI B§ T? & 

afbttditLti^ 7i/-;hi, x«4ts^wb. vuzz/mm. > v =>->mm. 
^s^m, x#*s/^ 5 s v<asi> a&« ft tt 7 * u >ns k . #y-f5K»»» #ut 

tf^nSo (III7tt. {fc <E3 3K5 RISff^ttLt^TtJ:^ 

o 

[ 0 0 6 4 ] 

3k*Tfe. «flBH7tt. 7xy— ;i/»fi. x**^«BB, i*t^$/y 3-y»lxii 

[ 0 0 6 5 ] 

i7x/-;l/»Itf*tf 6 ft, 09*tf. 7;l/*;l/7x/-;K 7;^;^i7x;-;KD 

*U rfv — ^cft &<DB-&»*«{fcLT»&ftfc fcOtfM^T* So @{bti> 

HBftfel^y-^ftBd-rs^Ftt^. 9;i/$/*-;l/fc7kt *fi^-rs*r«»c J: Off 3 c i: 

[ 0 0 6 6 ] 

7;l/t;l/7i/-;l/Xtt7;^/l/^l7x/'-;l/tLTtt, Tf2 — J&S (l) T-ft^ft 40 

[ft i ] 



OH 




[ 0 0 6 7 ] 



50 
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i i 



1 2 



75/ - 1 



5 - h U 7 



5£4>, R 1 1 StFR 1 2 tit Ka+->;HX(i7;l/^;H^fNl. R 1 ' RtfR ' * © 
•5 4> & < £ t> — S(i7;l/ + ;HT-fe5,, & T £> s 4 1 <D t: F n 4=- S <0 * rt> 1- fit tc t 

/ L ^„ CC5j:^j:7^t;Hl7i;-)l/tLTIi, — fi£ fc 3 £> L mn ic 

, /^{ftlC- C i 7 H 3 sl^tt-Sfft-zl/Xtt^ttK-C, 7 H 3 ! S=&St5 

[0 0 6 8] 

±!307;i'*;i'7iy-;i'Xli:7;l/^;l/^i7i/-;l/B, il 7t; &l £ LtltffltS c i: 
T ^ S ft #k B£ {t: <D EIHC M BB S n 7c i: IT SSEiitft: 3 fi&^jlTtSBMTlIfc) 

[ 0 0 6 9] 

i:7c, x^ + '>«Bi c: llli, f$ lc fid PI £ *x & v> # . ifX7i7-;H^ # U 

t-;KO^'J'>^;H-f ^'J7->7FO^ | J->^;H7xf;H, #'J7 5yo^ 

fctfjJSU^, HftftJ £ LTIJ, *U7S>«, # U 7 5 V <0 x # * -> «f K ft An 

ft, #'J75F75y«, ^'JTSHWK^tf^lfSti, flftttfcB, * * ~> L > ->* 7 

^7 xx;l/^< £ V #!l T* t 3 „ 
[ 0 0 7 0 ] 

^e.tc, *75>»ffitt* (.2, 4, 6 - MJ 

>) i: tv;l/2»7;Ufl: H S -^T ^ ^ o - ;U ^ ^ 5 7c&, CI ti^Wft L T ffl £> 

fcf, ±i£L;fc7x/ — ;l/«»*x Tjav-'SC tidUOfflL^. 

^7 5>iSI(i> y x y - ;HS SM ^ x # * -> <ij flg 4> tc < <D3R««ii*JBjS-r 5 cttft- 

(D^5„ *(D*S£, f&±^835 1 W»tt*< — »lRl±-rs. 

[ 0 0 7 1 ] 

ftjKS-frsc fcT?«JBJl 7*»j«rs£: t^-pfrs ( tt H M a x a ) . 

[ 0 0 7 2 ] 

f-C77xi^y3-l-a, x7 u— 3— hj*J?««*if £>tx3o «BgJl7«:> MJS 

n5fi)tii$i^iisii*tsi:i:fiiKLTt < t<, ir ft mam; lttBjs lt t> <t ^„ & 
7 3 ] 

. 1§ flg H 7 <DJ&$.J5fet LT(i, ± kE L 7c & * iX fl- „ ft 3* f$ Slffl *ft ffi & (CVD 
MtSCttT'fS. &frT£>> fUt£-e7cl£:B&;£{£ggJi 5 <DSS±tC^;S£ 

ffitintf. «m 5 ©8®^mc*f-r £ifieei4c>&^<tjflgji 7 A^^^n, §iist 
7 fc©Me#iRi±r*«i*jfc:fc*. *<D&m. mmm 7 ic£%wBt&<Dfa±%}%: 

[ 0 0 7 4 ] 



[00 

* 7c 
J*) * 



p -*S"J L XD-fittSrM L, C t\*mftiP#lcmK LT 2 0 0 1CJXT, lTorr 
ttTT'liJt^ t# e>nfc#X#c<0 p U Ix>%#8¥JfIc3»A LT 7 0 0 "CJ^T. 0 
. 5Tor rKTT'l»SfJt5„ *^T% C <0 ftffi £ tl 7c # X «\ G?M 5 tfjg J3c £ tl 

7csa5^tt 3 *mw. Lrzmmmicm^r , mm. o . oi~o. 2 t o r r o^ttTt-s 
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[ 0 0 7 5 ] 

s e mmm i toim, o . i-ioo(t mtf»$ l < . 1-5 0 /imiuoffs 

[*fi£0«] 

[ 0 0 7 6 ] 

[ft±SJ«5<DMifi] 10 
[ 0 0 7 7 ] 

(MM l ) 

£ cfc t>> fflfiEtf 1 3 . 2Nd-l. 5Dy-77. 6Fe-l. 6C0-6 

JS LTfiSJB o »5nfefiSef**3 5 mm x l 9 m m x 6. 5 mnKD^StC^] D tti 

[0 0 7 8 ] 

^tc. #&nrc«5iR** 2 %h n o 3 7jc».as4iK: 2 »Ha« 20 

ILfCo 
[0 0 7 9 ] 

±E© cfc o KWtm# (MS) £fi£Lrc585fR#S:> SllR^EE 7 0 h P a (i«IS 7 
%) QSilS-SSRil^SH*** 4 0 0 °CT* 8»HOj»«ia*ff ^ ««B*fBJ«l,fco 
[ 0 0 8 0 ] 

aasm? Kt*au:«, B*ii^*±»;<D j em-3 0 1 0 «r«ffl Lfc 0 tisnrcw^wnR 

[ 0 0 8 1 ] 30 

£ 3i — o /i -e & o > fo^isistt i (imfsscktfstgjnfto 4^5, 0 3 & 4 *> 

[ 0 0 8 2 ] 

ia^aasw^wa* (b#«?jh©jem-3oio) 40 

n^jc^^:> EDS (NoraanlnstrumentsftSOVoyagerl II) * JB ^ T L fc . ^OjS 
S-(0lfr5tt±4JS»J:LTNd, Fe, OtfftffiSti, SlOBA^ttF e, O 

[ 0 0 8 3 ] 

X fcf > 3 — Mc <fc 0i^L> 1 5 0 °CT* 2 0 #*JDgS Lfc 0 C OXg?: 2 @I t) if ^J3 

m m © » am » * is mmm i (o^±mM^6^mrco 

[ 0 0 8 4 ] 

(Mffll 2 ) 

1 tmmitC LTSSHStt^f^Sf ff^tlfc^^^^: 30mmX 1 9mmX6. 5 50 
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mm<D\|"j4t£$Jt> tti L#PIL, «tt fcftll L fc Bt5 *(* *» fc . 1 £: 

[ 0 0 8 5 ] 

C <D<k 3 fc««JI#JBJjSSft;fctf ±S«5K:» * £ K 7 x y — /HBMOjfcft* X 7 U — 
3— htCj:»?ML» 1 5 0 °CT* 2 0 # *jq L „ COi?(aT^)5 fim<D*tfB§B£:Jg 

[ 0 0 8 6 ] 

(MM 3 ) 

HfiffiCT 1 t L T«6*S{**fis« L, ?# £ ft j& *S f* 20mmX10mmX2mm 

[ 0 0 8 7 ] 

— MciO^Tpb, 1 5 0t v 20 ^OiPf^^fr T-in^ Lfco C©<J:3KLTSQ5 m <D 
[ 0 0 8 8 ] 

[ 0 0 8 9 ] 

(*fi£0IJ 5 ) 

x # * « ffi © & SB fc *. T # "J -f 5 F«lOlfi*1^5i ttC, in?&£U*£:2 5 

[ 0 0 9 0 ] 

6 ) 

MMm 3 t ra^ltc LTffillA^fiK^ ft ± SI 5 # f# /H£ . cnt, ty*n;W< 

5*tJ 5 n mOWli*»riiLT, Hfi£0>J6 © S±SS4 5 * f# 0 
[0 0 9 1 ] 

(mas #1 7 ) 

Sf\ 1 LT, 8* 5 ill # J£ i£ b . c ftK&gfc#£:S8 L fc 0 f#e>ftfc& 

gfc jfM£ © 8t 5 Sfc (* % , TkSSM^ffi 4 7 5 h P a<Dil#lHt« 4 5 0°CT* 1 0 #P^©^ 

m £ it 1 0 0 n m T* tb -p tc „ 
[ 0 0 9 2 ] 

fc J; <9 Kffi Lfe«, 1 5 0 XV 2 0 #M 5 /i m ©ffiflgJf * ^ fiK £ •£ T , ^ SS M 7 <D 

[ 0 0 9 3 ] 

(2lfiS0!l 8 ) 

^fiiigfi 7 %. 3 5 0 1 3^0*ftT*ffV\ ISO. 9 

/im©I-Ol> St;, )|« 5 0nmiDgZOi5:tt5tO^f«Lfci:i:«J1-tt, £ 
figfiRI 7 i: |B]«t {c LTHM 8 <D*±£l»t5 3:f#;fco 
[ 0 0 9 4 ] 

cmmm 9 ) 
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mmm*. mmmm o . 5 %. 4 1 0 °ct 1 0 tontkwvfi^. ummt^r, f?i 

. 5 fx m<DgS — <DJ1, RZf, I^50n m © £ ~ <D M % ft 5 & © 0 fi£ L 7c C fcJ&ttttt 
[ 0 0 9 5 ] 

i o) 

JKUBIS** MtSfi 2 1 %, 4 1 Otfl 0#©*#T?frW SiitLT, JP* 2 . 
1 /i m Rl>\ JP* 1 0 0nm<D^~©Jf%W^3&©^ff2j&L7c<:i:.L;($ r M± 

. mmm i tmmic ithi^j i o o»±si5*»ft. 

[ 0 0 9 6] 

(£tt<ft ll) 

Mt&m* > MM 7 %, 5 0 0tfl 0»O^ttfffV\ ^11 t It, 5/im 
— (DM. I? 3 0 0 nmO^ZOl^ttStO^JgslcLfcL hK^li, HSfi 

0i 7 £ mmic L-zmt&m 1 1 <D^±ss^5^t#fc 0 

[ 0 0 9 7 ] 

(.mmm 1 2 ) 

J»ja3*» mmmm 0 . 5X, *««»E74hPa, 3 9 0 tTl O^^^ttT'tfV^ 
> {SK/itbT, JP* 1 . 7 nmO)^ — ©/■> RO\ JP* 1 OOnmOSlOl^ttS 

fe©*jBjaLfc«ii:fitfl-H:» mot 7 t maic lt mmm 1 2 £D^±saaE5^t#fc 0 

[ 0 0 9 8 ] 

(mmm 13) 

US £0, H , ^^iftgO. 5%. 7kM%LftK. 1 2 h P a, 3 9 OtT'l 0 # <D & T *t 

. ffifitLT, JP* 1 . 4 /x m©£I — <DJi, £.t>\ JP * 8 0 n m <D m — Oi Sr^T f £ t. 
©«fi£L7c c fcU^tt, 7 fcHttlc LTtli 1 3 ©i&±«lK6*f§fc. 

[ 0 0 9 9 ] 

(mmm i 4 ) 

IS&gS:. 7j<M#EE2 OOOhPa. 40 0 °C T* 1 0»©*fffff^\ ftMJB t LT 
» 8 (imfDl- <DJS. &t>\ JP* 1 20n m (OW. — <D M 2> i> <D * m fiJt L It 

c tuLntt* mmm 1 tmmic lt^ssct i 4 o«±a«5t»ft. 

[0 1 0 0] 

(mmm 1 5 ) 

m&'<k<Dm&m&*. mmmm7%. 3 3o°ctm 0 ^rs<D^{^vmmm*^^. umm 

(AES) IC <k S 81 2 £ |r] # #t £ <fc OJRflrLTc. &*J. *-5>x T;WS-y 
^•77^?±^SAM6 8 0^:MfflL/c„ ^(DSglft. Si*^ 1 6 nmOSlSSf liH 
Oi*^SStltfet)> C <D§!~ <D/B©TGW 0 . 4 ja mlC«:£ — ©Jl#fl2ji£*ftT<^3 C 
£ #58122 ft fco 

[0101] 

&V>T*, C 0«HJS*Wr 5 iK 5 fit f* K *t U 7 x S - J\s®m<DMn* V 
CJ;0if L/ct, 1 5 Ott'2 0 #JjDgi 5 ii m ©gfflMJS SrJgfiSc 2 -a" T . HSS01J 1 5 

[0 1 0 2] 

(HSS01J 1 6 ) 

mmm*. mmms. 2 1 %, 2 9 0 °cx- 1 0 # <d & # t^t «sji tit, jp* 1 . 

1 fi m<Dm — (Om. RZf. JP* 1 0 n m <Dm — <D M ? Z> tO^Jg/SLfc £ t&Lftli.. 

mmm 1 5 tmmm Lxmmm 1 6 ©^^fiassrftfco 

[0 1 0 3] 

(mmm 1 7 ) 

mm 3 italic LTmsstfa 1 7 £o#±sfitt5^t#/c„ 
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[0 1 0 4] 

(JtKffO l ) 

mmm 1 tmmx. LT»5jisftc*ff«b, 2%hno 3 

Tini*rBn%fls«l^ £ * S «l ? SH & & (B&ttftffrttfll 

[ 0 1 0 5] 

atvtm 2 ) 

RtfH — <D Jl <D T <B!l K (4 ¥ i£ flg Jf 1 (imOl-OiA^ 



7k»»»c <fc 5 
jr^t * y tr- 

. S - 4 7 0 



0) TfgiSS L fco 
L 7c 3f K 0 6 



2 % H N O 3 

as*?*** 



7jC»«K <fc 5 
"JtlBW 2 

¥i$B?JS 5 0 
j££ ftT V^S 



n m - tOg. 

c 1 3b*»assnfe 



10 



[0 1 0 6] 

(tt&M 3) 

Hfi60»J 1 £ N title l/TiE*#*ttll 2 %H N O 3zkiSM*c,fc 5Kifci£*ffiUfco 20 
<Kfc, Mate J: 5«MJ&j£tt*5*>-f fc* 7iy-^«lOlfi*xyi^-3-H:J: 
(5iffL> 1 5 0 tf 2 0 #iPj|& L /£„ C © J: 3 K 5 \i m © «} fig Jl « j$ |£« 

01 3 ©#±S«5*»fc. 

[0107] 

*M 1 ~ 1 7Rt/Jt«0! 1 ~ 3 <DS±gI5(CSlT, J IS K5600-7-1 
[0 1 0 8] 

s-r, **«iitt»aKi3tj-siisfiffii 1 ~ 1 7 Rt>*j±^^ij 1 ~ 3 <D%t±mm&w,mztm 

feLTzt C 5. K^td i: it®? L/i^^fgTti. ^IfiS^J 1 TM4 0. 4 % T* & 0 , It tSW 1 T* 30 
(4 2. 7%T-fet)s tt©0lJ2T{4 2. 0%t$ofc. #|fi£01J 2 ~ 1 7 RO'iti&P 3 

T'tis 8& 5fc <D fg T & H 6 ft&7>-? fc„ 
[0 1 0 9] 

J&TkMKItfc £&M0IJ 1 ~ 1 7fttftt«« 1 ~ 3 <D#±S»5<Di»©fg^« 
ffl £ Jt ■& L fc . 
[01 1 0 ] 

«D^K*.H9fc» J*«0B 2 £D^±IS^5©¥*^ia 1 1 * ft *i a* -T o 
[Olll] 40 

* * ■* » ts §* m & a* & 2 4 Bt p^o^^T-(4, jififi^j 1 r-«gi©fg^«a5»e*jT-fe <o mm 

X-tbK>. % tz^mm 2 T'«^cDPg£liJI£ft£7>-?;rco CftfcfcfL, ItfiJS^J 1 &. tf 2 T* (4 

^(o'mm^m 1 oic ite^j 2 £D^±sfiat5<D^K^0 1 2 jc^-ft^ft^-r. 

[0112] 

Jt^L/to ^©SjsSII. Jtl$0iJ 1 2 T-tt&HMfr e> ® fij ft |g -5 § Ji i: tcgttfjp < 

58£lt*5*k ii^a^Ko t fea^K 0 #n-rtc % -75, mm 

mi Tit, Mft<Dft&%: z<D®mmtf^^£ij:fflftfr £>m%. LTgftft/c^a^ aaieas© 50 
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